The results of Raman spectroscopy to evaluate alternative sources for donor bone implants using the "Lioplast" technology are presented. It is shown that Raman spectroscopy can be used to assess the component composition of the surface of bone implants during their treatment. It has been found that major differences were at Raman bands 1448, 1735 (lipids & fatty acid), 850 and 875 cm-1 (proline & hydroxyproline), 1001 and 1026 cm-1 (phenylalanine) and 1272, 1560 cm-1 (amide II, amide III). The criteria which allow to evaluate the component composition in the production of bioimplants are proposed, and a two-dimensional analysis was carried out. The analysis showed that the main components of the extracellular matrix necessary for the implementation of osteoinductive and osteoconductive properties of biomaterials are saved during processing. Lipids were removed that improved the quality of the material, providing the possibility of a good clinical effect.
Introduction
Bioimplants from human tissues are widely used for reconstruction and restoration of the structure of the supporting and conjunctive tissue of the recipient.
In surgical and traumatological practice, damages of the integrity of bone tissue related to diseases of the musculoskeletal system and emergence of micro-fractures on the background of weakening in bone remodeling with a further increase in the fragility and porosity of the bone is characteristic of a significant percentage of patients. One of the ways to replace bone defects is the use of autogenous bone grafts [1, 2] . Among them, allogeneic implants, which made of human tissues, are optimal materials for the reconstruction of injuries of the musculoskeletal system [3] .
Specialists refuse from transplant in the early stages of the study and use of autogenous tissues in the process of transplantation due to the problem of infectious complications after transplantation. However, with the advent of innovative standards for the manufacture of allogeneic materials, after their special treatment, the removal of cellular components (DNA, RNA) is the main factor of antigenicity, and when placed in the body hasn't a negative impact on it [4] . The quality of the produced bioimplants is evaluated by the content of the necessary biological substances involved in the regenerative process, such as hydroxyapatite, collagen, glycosaminoglycans and proteoglycans [5, 6] .
Constant monitoring and quality control are necessary in the process of bioimplants manufacturing. Currently biochemical and morphological methods are used to assess the quality of bioimplants and often require lots of time and resources, which affects the quality of medical care to patients. Therefore, the use of optical methods is promising, because they can be used as screening studies, quickly performed, low-cost and non-destructive for the samples [7, 8, 9] .
The aim of this work is determining the most important criteria for the evaluation of mineralized bone implants at the stages of their manufacture using the method of Raman spectroscopy.
Materials and methods of research
Raman spectroscopy method was chosen as the major method of analysis of the bioimplants. The laboratory facility consisting of a Raman probe RPB-785, combined with a laser module LuxxMaster LML-785.0RB-04 and a high-resolution digital spectrometer Shamrock sr-303i, providing spectral resolution 0,15 nm, with a built-in cooling chamber DV420A-OE [7] .
Objects of the research were 48 spongy bone bio-implants in the form of a cube 5*5*5 mm, made using the "Lioplast"® technology ((ТУ-9398-001-01963143-2004). For comparison, the samples were grouped according to the method of preparation: allogeneic (cadaveric) and intraoperatively resected. In each group the samples were divided into 4 subgroups according to the degree of demineralization and ultrasonic treatment (8 groups of samples). Figure 1 shows the Raman spectra of the mineralized samples. The main differences were found at the Raman bands 875, 956, 1001, 1026, 1068, 1560 cm-1 and 1735 cm-1. Decoding of the Raman spectra is given in table 1. The change of the intensity at lines 956 and 1068 cm-1 shows the difference in the relative concentration of hydroxyapatite in cadaver and intraoperative samples with ultrasonic treatment. And in the first group the intensity of these lines is higher.
Results
The The values of the k1560 coefficient (figure 2a) reflect the relative concentration of amide II. Amide II content is typical for groups of samples without ultrasonic treatment and cadaveric bone tissue. The values of the k1560 coefficient are higher on average than for intraoperative samples and after the ultrasonic treatment. The k1272 coefficient, reflecting the relative concentration of amide III, is higher for cadaver materials and hasn't a significant influence by ultrasonic treatment.
Relative concentration of proline and hydroxyproline is higher for the samples with ultrasonic treatment and for cadaveric biomaterials, the values of the corresponding coefficients k850 and k875 are higher than for the intraoperative samples ( figure 2b) . Thus, it is shown that the use of low-frequency ultrasound at the stages of processing of bioimplants allows the achievement lipid removal, which was confirmed by the spectral characteristics of surfaces of the studied bioimplants.
Conclusion
A comparative spectral assessment of the component composition of the surfaces of implant samples on the basis of mineralized bone tissue, various sources of production, made by "Lioplast" technology, with and without ultrasonic treatment, is carried out.
It was found that the main differences are shown at the Raman lines 1448, 1735 (lipids & fatty acid), 850 and 875 cm-1 (proline & hydroxyproline), 1001 and 1026 cm-1 (phenylalanine) and 1272, 1560 cm-1 (amide II, amide III).
Thus, the optical coefficients were introduced and the two-dimensional analysis was carried out. The charts showed that the main components of extracellular matrix for the implementation of osteoinductive and osteoconductive properties of biomaterials are preserved during processing, and lipids are removed. It improves the quality of the material that provides possibility of a good clinical effect.
